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Perovskite metal-organic frameworks (MOFs) have recently emerged as potential candidates for multiferroic-
ity. However, the compounds synthesized so far possess only weak ferromagnetism and low polarization. Addi-
tionally, the very low magnetic transition temperatures (Tc) also pose a challenge to the application of the ma-
terials.We have computationally designed a mixed metal perovskite MOF -[C(NH2)3][(Cu0.5Mn0.5)(HCOO)3]-
that is predicted to have magnetization two orders of magnitude larger than its parent ([C(NH2)3][Cu(HCOO)3]),
a significantly larger polarization (9.9 µC/cm2), and an enhanced Tc of up to 56 K, unprecedented in perovskite
MOFs. A detailed study of the magnetic interactions revealed a novel mechanism leading to the large mo-
ments as well as the increase in the Tc. Mixing a non-Jahn-Teller ion (Mn2+) into a Jahn-Teller host (Cu2+)
leads to competing lattice distortions which are directly responsible for the enhanced polarization. The MOF is
thermodynamically stable as evidenced by the computed enthalpy of formation, and can likely be synthesized.
Our work represents a first step towards rational design of multiferroic perovskite MOFs through the largely
unexlpored mixed metal approach.
Multiferroics are materials which possess ferromagnetic
(FM), ferroelectric (FE) and structural order parameters
within a single phase [1–8]. These are highly promising
not only for their use in multi-functional device applications
but also for the interesting physics they reveal. Much of
the research in the field has so far focussed on multiferroics
based on inorganic transition metal oxides. In the last decade,
there has been growing interest in metal-organic frameworks
(MOFs) consisting of metal ions interconnected by organic
linkers. The organic-inorganic duality in MOFs leads to many
interesting physical properties [9, 10] that can be exploited
in applications such as gas storage and separation, catalysis,
nonlinear optics, photoluminescence, magnetic and electric
materials, and so on [11, 12]. The hybrid nature of these
materials offers a vast chemical space for synthetic chemists
to explore and, hence, also affords tunability of properties.
MOFs with the perovskite ABX3 structure are of great inter-
est, particularly those with multiferroic behavior arising due
to hydrogen-bonds [13, 14]. In the case of magnetic MOFs,
for instance, one can control the nature of magnetic coupling
through the variety of possible metal ions in the B-site, short
ligands, co-ligands and radical ligands carrying spin degrees
of freedom [15]. Recently, it has been shown that one can
tune the magnitude of the ferroelectric polarization by care-
fully choosing different A-site cations in these MOFs [16].
In recent past, a new class of ABX3 metal formates
[C(NH2)3][M(HCOO)3] (abbreviated below as M-MOF, M=
divalent Mn, Fe, Co, Ni, Cu, and Zn), was experimentally syn-
thesized [17]. Of these only the Cu-MOF crystallizes into a
polar space group (Pna21) and exhibits multiferroic and mag-
netoelectric behavior. It has been reported that the Cu-MOF
shows canted-spin anti-ferromagnetism with a Ne´el temper-
ature of 4.6 K. Using first-principles calculations, Stroppa et
al. [13] showed that this polar Cu-MOF has a polarization of
0.37 µC/cm2 along with a weak magnetization. The polar-
ization originates mainly from the displacements of the A-site
organic cation induced by hydrogen-bonds between the guani-
dinium hydrogens and the oxygens of the formate linkers. The
magnetization arises from the transition metal (TM) ion at the
B-site, where in-plane anti-ferro orbital (AFO) ordering of Cu
d-orbitals results in an anti-ferromagnetic (AFM) ground state
with A-type spin ordering. The low values of the polarization
and magnetization along with its low magnetic transition tem-
perature (Tc) precludes the Cu-MOF from being practically
useful. These intrinsic drawbacks can, in principle, be over-
come by varying the A-site or B-site composition of the MOF.
A mixed metal strategy for the B-site ion (or B-site doping)
has proven to be successful in improving magnetic properties
in inorganic multiferroic compounds [18, 19]. The double-
perovskites thus formed, with TM ions of differing d-orbital
configurations, can not only result in larger magnetization but
can also enhance the strength of the exchange coupling in-
teractions pushing the transition temperature higher. How-
ever, only a few studies have so far appeared that explore this
strategy [20–23]. In particular, B-site doping in perovskite
MOFs aimed at improving ferroic properties is nascent [24–
26]. Moreover, to the best of our knowledge, there are no the-
oretical predictions of mixed metal perovskite MOFs. First-
principles based theory can not only help identify potential
candidates but also elucidate the key mechanisms driving fer-
roic orders in these MOFs.
In this study, we have employed first-principles DFT-based
techniques to investigate the potential of mixed metal per-
ovskite MOFs - (M0.5M′0.5)-MOF- as multiferroic materi-
als. In particular, we propose a novel mixed metal MOF-
(Cu0.5Mn0.5)-MOF - which not only yielded a magnetic mo-
ment two orders of magnitude larger than the parent Cu-
MOF but also a significantly larger transition temperature.
The combination of Mn2+ and Cu2+ was chosen deliberately
keeping in mind the similarity in sizes of the ions as well as
the fact the pair represents the largest different in magnetic
moments possible on a ferrimagnetic lattice. Indeed, the pro-
posed MOF was found to have a magnetization of 4 µB per
Cu-Mn pair (or 2µB/TM) which is the largest among mixed
metal magnetic MOFs synthesized so far. Since the parent Cu-
MOF has a Jahn-Teller (JT) ion (Cu2+), mixing in a non-JT
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2ion (Mn2+) would lead to competing lattice distortions which
could significantly influence the dielectric properties. Particu-
larly, compositions in the vicinity of Cu0.5Mn0.5 are expected
to be more responsive as has recently been suggested [24].
Surprisingly, the polarization in the compound was signifi-
cantly enhanced (9.9 µC/cm2) compared to its parent. Fur-
thermore, doping with Mn2+ ions resulted in an enhancement
of the exchange coupling between the TM ions. This in turn
increased the magnetic transition temperatures to 24 K and
56 K, respectively, depending on the cation-ordering at the
B-site. The computed energy of formation indicates that the
(Cu0.5Mn0.5)-MOF is thermodynamically stable and, in prin-
ciple, can be synthesized. Our work highlights the potential of
the largely unexplored mixed metal strategy towards improv-
ing the ferroic properties of perovskite MOFs.
Our spin-polarized DFT calculations employed a gen-
eralized gradient approximation (GGA) to the exchange-
correlation functional through the PBE functional [27, 28].
We accounted for correlation effects in the 3d TM ions
through a DFT+U approach [29–31]. We chose U values of
3.5 and 4.0 eV for Mn and Cu, respectively, through a self-
consistent calculation of the parameter [32–34].
In order to properly account for the weak interactions in the
MOF, we have also incorporated a van der Waals’ corrected
functional [35] in all our calculations. This GGA+U+vdW
was used to perform structural optimization calculations to
obtain relative energies of magnetic and cation orders, en-
ergies of formation, exchange coupling constants, etc. All
calculations were done using the plane-wave basis Quantum-
ESPRESSO code [36] . All structures were fully optimized
until forces were less than 0.26 meV/A˚ on each atom. In the
results presented below all bond lengths are in angstrom (A˚)
and energies are reported in meV per TM (meV/TM). The cal-
culation methodology was thoroughly tested for convergence
of parameters and accuracy of the functionals employed as
detailed in the Supplementary Information (SI).
The unit cell of Cu-MOF contains four formula units. We
produced the (Cu0.5Mn0.5)-MOF by replacing two of the for-
mula units by their Mn analogues. This can result in three
kinds of cation ordering (D0, D1 and D2) as shown in Fig-
ure 1(a). For each cation ordered structure we also investi-
gated different collinear magnetic ordering of the Mn (5 µB)
and Cu (1 µB) spin moments (see Figure 1(a)). These in-
cluded three AFM arrangements (A, C, and G-type) and the
ferromagnetic arrangement (FM). The optimized energies for
the various structures considered are summarized in the plot
shown in Figure 1(b). The lowest energy structure consists of
layers of Mn and Cu alternating along the c-axis with an A-
type AFM arrangement of spins (referred to below as D1-A).
A structure with rock-salt ordering of the TM ions and with
a G-type AFM arrangement of their spins (referred to below
as D0-G), was found to be higher in energy than D1-A by
just 4.75 meV/TM. Starting from the experimental structure of
Mn-MOF ([C(NH2)3][Mn(HCOO)3]) (Pnna), we have com-
puted the ground state of Mn-MOF to be G-type AFM. To the
best of our knowledge, the ground magnetic state of the MOF
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FIG. 1. Optimized energies of (Cu0.5Mn0.5)-MOF with all possible
spin orderings plotted with respect to various types of cation order-
ings. The following symbols are used for different types of cation
orders: circles for the D0, squares for the D1, and diamonds for the
D2 structures. A, C and G-type refer to various antiferromagnetic
spin orderings while FM refers to a ferromagnetic one.
has not been reported earlier. We used the predicted ground
state of Mn-MOF for the calculation of formation energy. The
formation energies computed for the D1-A and D0-G struc-
tures (-101 and -96.25 meV/TM, respectively) suggest that
both can likely be synthesized. We focus on these two struc-
tures as they are magnetic in nature with moments comparable
to inorganic compounds as shown below. Figure 2(a) shows
the structure of the (Cu0.5Mn0.5)-MOF in the ground-state.
Each TM ion in the MOF is surrounded by six HCOO– anions
forming a distorted octahedra. The near cubic cavities are oc-
cupied with [C(NH2)3]+ groups providing charge balance in
the compound. Like the parent Cu-MOF, each distorted Cu-
O octahedron possesses two short ( 2.02, 1.99) and two long
(2.44, 2.36) equatorial Cu-Oeq bonds; and two medium (2.04,
3  
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FIG. 2. Ball-and-stick model of two feasible structures of
(Cu0.5Mn0.5)-MOF in different cation orderings : (a) the D1-A
structure with alternating Cu and Mn planes perpendicular to the c-
axis, and (b) the D0-G structure with rock-salt ordering of Cu and
Mn. The Cu and Mn sublattices have opposite spins in either case,
and units are connected by HCOaxOax and HCOeqOeq units in the
axial and equatorial directions, respectively. The two dashed line
shows the displacement of NH2 group of A-site cation forming two
unequal (H(1)...Oeq and H(2)...Oeq) bonds with the Cu and Mn oc-
tahedra sites, partially responsible for A-site polarization.
2.02) axial Cu-Oax bonds. The Mn-O octahedra, with two
long (2.22, 2.22) and two short (2.17, 2.21) equatorial bonds,
are only slightly distorted. Thus, the Mn-O octahedra in D1-A
closely resemble those in the parent Mn-MOF which crystal-
lizes in a non-polar Pnna space-group. In the case of D0-
G (Figure 2(b)), the bond-length variation around the Cu is
the same as in D1-A. However, unlike in D1-A, the octahedra
around Mn are strongly distorted with two short (2.03, 2.06),
two long (2.18, 2.23) and two medium (2.08, 2.10) bonds.
This is in contrast with the parent Mn-MOF where octahedral
distortions arise only when the A site cation is changed [37].
Thus, compared to D0-G, D1-A is more stable since its lay-
ered structure allows the Mn-O octahedra to retain the undis-
torted structure seen in the parent.
The magnetic TM ions in the structure, linked by formate
groups, interact with each other through long-distance super-
exchange [38] mechanism. The density-of-states (DOS) plots
for both D0 and D1 structure (see Figure 3) show Mn to be
in the high-spin Mn2+ (d5) and Cu to be in the Cu2+ (d9) va-
lence configurations. The valence configurations are also con-
firmed by the d-projected occupation numbers (not mentioned
here). In both cases, the hole state from Cu forms a narrow
band indicating spatial localization. Figure 3 clearly shows
that the D1-A and D0-G MOFs are ferrimagnetic insulators
with a narrow band gap of 0.8 and 0.9 eV, respectively. The
DOS also reflects the AFM ordering in the structure. Partial
cancellation of moments between the two TM ions leads to a
net magnetic moment of 4µB per Cu-Mn pair (or 2 µB /TM) in
both D1-A and D0-G. The predicted value is comparable to in-
organic ferromagnets and higher than those generally seen in
magnetic MOFs. In D1-A, the FM interaction in the Cu layer
arises due to the AFO ordering of the Cu d-orbitals caused
by the Jahn-Teller (JT) effect [13]. As a result, the hole in
Cu alternates between the two eg orbitals from one Cu to its
nearest neighbour, an effect also seen in the parent Cu-MOF.
FM super-exchange interaction is mediated via a half-filled eg
orbital on a Cu and a completely filled one on its neighbour
in the same layer, as predicted by the Goodenough-Kanamori
(GK) [39] rules. Surprisingly, however, the Mn layer also dis-
plays FM order defying the GK rules for a d5 − d5 TM ion
pair. Moreover, in the D0-G case, despite the octahedral dis-
tortions around both TM ions, only AFM interactions prevail.
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FIG. 3. Total and projected density of states for the D1-A and D0-G
structure inPna21 phase : (a) The GGA+U+vdW predicted total and
projected DOS of D1-A structure. Outer lines shows the total DOS
and the inner solid lines indicates the total d-orbital contribution of
Mn atoms and the dashed lines shows the d-orbital contribution of
Cu atoms. (b) Total and projected density of states for the polar D0-
G structure.
The predicted magnetic states for D0 and D1 structures can
be rationalized with the help of the exchange coupling con-
4stants for all TM pairs in the structures. These parameters can
be extracted by mapping the DFT computed energies of the
various magnetic configurations to a nearest-neighbour (nn)
Heisenberg Hamiltonian [40]. The corresponding Hamilto-
nians for the D0 and D1 supercells along with a detailed
description of the method of extracting the coupling con-
stants is presented in the SI. Taking the ab-plane as reference,
the D0 structure has an inter- (JCu−Mn⊥ ) and an intra-plane
(JCu−Mn‖ ) Cu-Mn coupling constants. These were calculated
to be JCu−Mn⊥ ≈ 4.6 meV and JCu−Mn‖ ≈ 2.53 meV, respec-
tively. In D1-A, there are two in-plane (JCu−Cu‖ ≈ -0.9 meV,
JMn−Mn‖ ≈ -0.5 meV) and one out-of-plane (J⊥ ≈ 3.9 meV)
coupling constants. We note that the Cu-Mn interactions are
strongly AFM, consistent with the GK rules for a d5−d9 pair.
Thus we get a G-type AFM ordering for the D0 structure irre-
spective of the JT distortions around Cu.
In D1, the strong out-of-plane AFM exchange along with
the AFO-driven FM ordering in the Cu layer, drives the Mn
layer to be FM. This leads to the predicted A-type AFM
ground state. The FM coupling between Cu ions is key to
establishing such a ground-state. To confirm this surprising
result, we extended the range of coupling in the model used
for the D1 structure to the next-nearest neighbour (nnn) Cu-
Mn interactions and recomputed the coupling constants. This
did not affect the Mn-Mn FM coupling much (-0.52 meV)
but instead significantly enhanced the Cu-Cu FM coupling to
JCu−Cu‖ ≈ -1.71 meV.
From the magnitude of the coupling constants we antici-
pated a significant increase in the magnetic transition tempera-
ture (Tc) as the coupling constant is directly proportional [41]
to Tc. Using classical Monte-Carlo simulations (see SI for
details), we can predict the Tc for the Pna21-like phase of
(Cu0.5Mn0.5)-MOF. Figure 4 shows the magnetic moment as
well as the magnetic susceptibility plotted as a function of
temperature for both structures. The plots indicate that the
magnetic transition occurs at 24 K and 56 K for D1-A and
D0-G, respectively. Thus the Tc could be pushed up to 56 K
through this mixed metal strategy. The predicted Tc is a re-
markable increase over that of the parent compound and is in-
dicative of the enhanced stability of the ferrimagnetic phase in
the (Cu0.5Mn0.5)-MOF relative to most other magnetic MOFs
seen so far. The estimates given here are based on the nn
Heisenberg model. In the case of D1, use of the coupling con-
stants based on the nnn model yielded a Tc = 38 K (see SI).
First-principles calculations on Cu-MOF have estimated a
c-axis electric polarization of 0.37 µC/cm2 [13], while Mn-
MOF was found to crystallize in a non-polar structure [17]. It
has been suggested that the weak polarization can be tuned by
varying the organic A-site cation [16] or by strain field [42].
Indeed, [CH3CH2NH3][Mn(HCOO)3] was found to yield a
theoretical polarization of 1.6 µC/cm2 [16] with some contri-
bution arising from octahedral distortion around Mn cations.
While the B-site mixing strategy proposed here was aimed
mainly at improving the magnetic moments, we also inves-
tigated the polarization of the predicted compounds. We
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FIG. 4. Temperature-dependence of magnetic susceptibility and to-
tal magnetization obtained from classical Monte Carlo simulations
on (a) the D1-A structure (the ground-state), and (b) the D0-G struc-
ture. The peak positions of the susceptibility curves indicate that the
ferrimagnetic curie temperature (Tc) for D1-A is 24 K and for D0-G
is 56 K. In both (a) and (b) the total magnetization rapidly increases
near Tc indicating a paramagnetic to ferrimagnetic phase transition.
calculated the electric polarization using a Berry phase ap-
proach [43] ensuring the convergence of the computed num-
bers with the relevant parameters (see SI). Surprisingly, we
found that both D0-G and D1-A yielded a significantly en-
hanced c-axis polarization of -9.93 and -9.77 µC/cm2, respec-
tively, than that (0.37 µC/cm2) in the parent Cu-MOF. We
obtained the polarization as a difference between the polar
(λ = 1) and non-polar (λ = 0) structures. Note that the
polarization difference computed this way is one value in a
lattice of values spaced by the polarization quantum. How-
ever, the actual value can be fixed by looking at the changes
in the Berry phase along a smooth path connecting the polar
and non-polar structures. We constructed various structures
linearly interpolated between polar (Pna21-like) and the para-
electric phases. The latter was assumed to be the non-polar
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FIG. 5. (a) The variation of total energy difference as a function of
the stuctural distortion from paraelectric to the polar D1-A structure.
(b) Variation of total ferroelectric polarization in D1-A along c-axis
as a function of amplitude of polar distortion (λ).
Pnna-like centro-symmetric structure [44, 45]. The struc-
tures along the interpolation were followed using a parameter
λ, measuring the amplitude of the displacement, with values
±1 for the polar and 0 for the non-polar centric forms, re-
spectively. Figure 5 depicts the interpolation thus done in the
D1-A structure. The maximum atomic displacement between
λ = 0 and |λ| = 1 was found to be about 0.26 A˚. The varia-
tion in energy of D1-A along an idealized polarization switch-
ing path through the non-polar intermediate is shown in Fig-
ure 5(a). The polar phase of D1-A is more stable that the cen-
tric phase by 1.9 eV/TM. In Figure 5(b), we have plotted the
ferroelectric polarization Pz along the polar c-axis as a func-
tion of λ. The polarization calculated from this plot is found
to be −9.77 µC/cm2. A similar approach was also followed
for the D0-G structure resulting in an energy difference of 1.5
eV/TM between the polar and non-polar phases (see Figure in
SI). A polarization of −9.93 µC/cm2 was computed in this
case from a 2-point Berry phase formula.
The large energy differences between the polar and cen-
tric structures noted above suggest insurmountable ferroelec-
tric switching barriers. However, this interpretation is not
always warranted. While we have considered an idealized
path for the ferroelectric switching, this may not necessarily
be the path followed by the system in reality. For instance,
the barrier for the ground state D1-A structure is reduced to
1.2 eV, when we optimize the cell parameters of the Pnna
structure keeping the ions in their centro-symmetric positions.
The resulting orthorhombic unit cell (see SI) hints at a struc-
tural phase transition accompanying the polarization switch-
ing. Furthermore, the barrier calculated here is a single do-
main switching barrier. In practice, however, the ferroelec-
tric switching barrier can be significantly lowered by pres-
ence of domains [46, 47] not considered in the present cal-
culation. Indeed, recently, Somdutta et al. have experimen-
tally shown ferroelectric switching in GaFeO3 thin-films al-
though the bulk form was theoretically predicted to have high
polarization switching barrier [48]. They have attributed the
reduction of ferroelectric barriers to the presence of ferroelec-
tric domains in these samples. The higher the nucleation of
domains the more the reduction of thermally insurmountable
single-domain switching barrier [46]. Similar effects could,
in principle, also lower the switching barriers in the predicted
MOF which can be verified through experimental realization
of the system.
In Cu-MOF, it was shown [13] that the displacements of
NH2 groups of the guanidinium cations result in the dominant
contribution to the ferroelectric polarization. In contrast, in
the ground-state of the (Cu0.5Mn0.5)-MOF, we found that the
larger contribution arises from the BX3 group instead of A-
site. In order to estimate their relative magnitudes, we calcu-
lated the polarization arising from A-site displacements (PA)
and displacement of atoms belonging to the functional group
BX3 (PBX3 ) separately by displacing each group towards its
polar configuration keeping the others fixed in the non-polar
geometry. We found the values PA = 0.21 and PBX3 = -7.36
µC/cm2, respectively, indicating that the major contribution
is made by the distortions at the BX3-site. The estimated po-
larization value of A-site cation ion is in excellent agreement
with the previously estimated value (0.21) of the parent Cu-
MOF [13]. The significantly larger polarization arising from
the BX3 framework in this case is clearly due to the pres-
ence of the non-JT Mn ions which were absent in the parent
Cu-MOF. The discrepancy between the polarization estimated
from these contributions (-7.2 µC/cm2) and the exact value is
likely due to the neglect of relaxation effects in the former.
In order to further support our Berry phase results, we have
calculated the ferroelectric polarization from the dipole mo-
ments contributed from each A-site and BX3 group by using
a non-periodic, localized basis code [49] (see SI Table VI for
details). We found the polarization values to be PA = 0.18
and PBX3 =-5.13 µC/cm
2, respectively. These values mirror
the contributions seen in the Berry phase approach and once
again confirm that the major contribution to the total polariza-
tion arises from the distortion of BX3 groups. We also applied
6the method to estimate the contributions to the polarization
in the Cu-MOF. The results (see SI) confirmed that the dipole
moments arising from the BX3 groups significantly increase in
the mixed metal MOF compared to the parent Cu-MOF while
there was no change in the moments at the A-site.
The existence of magnetoelectric coupling has been demon-
strated in the parent MOF and is an important ingredient
for applicability of these materials. In order to test for
the coupling in the mixed metal MOF, we also performed
DFT+U+vdW calculations incorporating spin-orbit coupling
on the D1-A and D0-G structures. The resulting magneti-
zation values are summarized in Table I. The magnetization
along the z-axis was not affected (4.0 µB per TM pair) but it
developed components in the xy-plane of magnitude 0.01 µB
per TM pair. Inverting the direction of the polarization leads
to retention of the z-axis component but inversion of the com-
ponent in the xy-plane. So there is indeed a magneto-electric
effect confined to the xy-plane similar to the case of the parent
MOF. The magnitude of the moments are slightly reduced by
mixing in Mn ions as it is the JT-active Cu ions in the system
which mostly contribute to the ME coupling (see Table V-VIII
in SI). Thus, the mixing in of non-JT ions leads to an apparent
suppression of the magnetoelectric effect.
TABLE I. Calculated magnetic moments (µB/cell) for D1 and D0
structures.
D1-A type D0-G type
Distortion mx my mz mx my mz
λ = +1 -0.02 0.00 -8.01 -0.03 -0.01 -8.01
λ = −1 0.01 0.01 -8.01 0.00 0.01 -8.01
In conclusion, we have designed, from first-
principles, a mixed metal perovskite MOF,
[C(NH2)3][(Cu0.5Mn0.5)(HCOO)3] with significantly
enhanced magnetization and a polarization compared to
its parent Cu-MOF as well as other mixed metal MOFs
synthesized so far [26]. We also predict that the ground state
MOF would have a magnetic transition temperature of around
24 K which can be enhanced up to 56 K by altering the cation
ordering in the B-site. This is a remarkable improvement
over multiferroic MOFs synthesized so far. Our calculations
indicate large formation enthalpies for the compound in two
lowest energy structures suggesting feasibility of laboratory
synthesis. The ground-state structure is composed of layers
of Mn and Cu alternating along the c-axis. A strong AFM
Cu-Mn exchange coupling along with FM ordering in the Cu
layer, driven by Jahn-Teller distortion, forces FM coupling
in the Mn layer as well. This results in an A-type AFM
ordered state with a magnetic moment of 2 µB /TM. Changes
in hydrogen-bonds at the A-site, distortions of the oxygen
octahedra around Cu and Mn, as well as displacements of
the formates contribute to the polarization enhancement.
The competing magnetic interactions between the Cu and
Mn layers suggest the possibility of magnetic and structural
transitions with variation of relative composition [24] of the
two TM ions as well as epitaxial strain. These will be the
subjects of a future study.
Our choice of the TM ions as well as the feasibility of the
mixed metal approach are motivated by the facts that, (i) polar
[C(NH2)3][Cu(HCOO)3] and [CH3CH2NH3][Mn(HCOO)3]
have already been experimentally synthesized, and (ii) very
recently [24], a mixed metal MOF with the same frame-
work has been synthesized. Therefore, we expect that
[C(NH2)3][(Cu0.5Mn0.5)(HCOO)3] can also be realized. The
strategy can be used to further explore other metal combina-
tions in the (A2BB′X6) structure, along with variations in
their compositions, to engineer the magnetic, electric [24] and
even elastic [50] properties in this class of MOFs.
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